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Abstract

Background Oral fluoropyrimidine S-1 contains tegafur,

which is metabolized to 5-fluorouracil by cytochrome P450

2A6 (CYP2A6). We here examined associations between

CYP2A6 polymorphisms and treatment outcomes of adju-

vant S-1 in gastric cancer patients.

Methods Patients received adjuvant S-1 (40 mg/m2 twice

daily, days 1–28, every 6 weeks for eight cycles) after

curative surgery for pathological stage II–III gastric cancer.

We analyzed the wild-type allele (W) (CYP2A6*1) and

four variant alleles (V) (CYP2A6*4, *7, *9, *10) that

abolish or reduce this enzyme activity.

Results Patients (n = 200) were enrolled between

November 2007 and July 2013 with the following clinical

characteristics: median age, 57 years (range, 32–83 years);

128 men, 72 women. With a median follow-up of

46.4 months, the 3-year relapse-free survival (RFS) and

overall survival (OS) rates were 83.1 % (95 % CI,

77.7–88.5 %) and 94.8 % (95 % CI, 91.6–98.0 %),

respectively. Genotype distributions were as follows: W/W

(n = 49, 24.5 %),W/V (n = 94, 47.0 %), and V/V (n = 57,

28.5 %). Overall toxicity did not differ according to geno-

type for any grade (p = 0.612) or grade C3 (p = 0.143).

However, RFS differed significantly according to CYP2A6

genotype. The 3-year RFS rates were 95.9 % for W/W,

83.1 % for W/V, and 72.5 % for V/V (p = 0.032). Carriers

of W/V and V/V genotypes had a poorer RFS with a hazard

ratio of 3.41 (95 % CI, 1.01–11.52; p = 0.049) and 4.03

(95 % CI, 1.16–13.93; p = 0.028), respectively, compared

with the W/W genotype.

Conclusions CYP2A6 polymorphisms are not associated

with toxicity of S-1 chemotherapy, but correlate with the

efficacy of S-1 in the adjuvant setting for gastric cancer.

Keywords CYP2A6 polymorphisms � Gastric cancer �
S-1

Introduction

Gastric cancer (GC) is a leading cause of cancer-related

deaths worldwide [1]. The highest incidences of GC occur

in Eastern Asia, including Korea, Eastern Europe, and

South America. In Korea, GC is a major health issue and

represents the second leading cause of cancer [2]. In

patients with localized GC, complete surgical resection

represents the mainstay treatment and only available

curative option.

Recently, large-scale randomized phase III clinical trials

have shown that adjuvant chemotherapy can improve sur-

vival in patients with curatively resected GC [3–6]. The

Japanese Adjuvant Chemotherapy Trial of TS-1 for Gastric

J.H. Jeong and S.R. Park contributed equally to this work.

& Yoon-Koo Kang

ykkang@amc.seoul.kr

1 Department of Oncology, Asan Medical Center, University of

Ulsan College of Medicine, 88, Olympic-ro 43-gil,

Songpa-gu, Seoul 138-736, Korea

2 Department of Hematology and Oncology, Gangneung Asan

Hospital, 38, Bangdong-gil, Sacheon-myeon, Gangneung,

Republic of Korea

3 Department of Laboratory Medicine, Center for Diagnostic

Oncology, Research Institute and Hospital, National Cancer

Center, 323 Ilsan-ro, Ilsandong-gu, Goyang,

Republic of Korea

4 Department of Surgery, Asan Medical Center, University of

Ulsan College of Medicine, 88, Olympic-ro 43-gil,

Songpa-gu, Seoul 138-736, Republic of Korea

123

Gastric Cancer (2017) 20:146–155

DOI 10.1007/s10120-015-0586-9

http://crossmark.crossref.org/dialog/?doi=10.1007/s10120-015-0586-9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10120-015-0586-9&amp;domain=pdf


Cancer (ACTS-GC) study showed that adjuvant S-1

chemotherapy, following curative gastrectomy with D2

dissection, increased both relapse-free survival (RFS) and

overall survival (OS) in patients with stage II or III GC [5].

Following the ACTS-GC trial, adjuvant chemotherapy with

S-1 has been widely used in Asian countries and has shown

consistent efficacy and safety profiles in patients with GC

[7–9].

An oral fluoropyrimidine, S-1 contains tegafur (FT),

5-chloro-2,4-dihydroxypyridine (CDHP), and potassium

oxonate (Oxo) at molar ratios of 1:0.4:1 [10]. FT is a pro-

drug that gradually releases 5-fluorouracil (5-FU) in a

process that is mainly catalyzed by the liver microsomal

enzyme cytochrome P450 2A6 (CYP2A6) [11]. Genetic

polymorphisms in the CYP2A6 gene have been associated

with variations in enzyme activity; CYP2A6*2, *4, *5, and

*20 exhibit no enzyme activity, whereas CYP2A6*6, *7, *9,

*10, *11, *12, *17, *18, and *19 yield enzymes with

reduced activity (see http://www.cypalleles.ki.se). Previous

studies have described an association between CYP2A6

polymorphisms and the pharmacokinetic profile of S-1,

with many CYP2A6 variants being associated with reduced

metabolism of FT to 5-FU [12–15]. Kaida and colleagues

reported that CYP2A6*4 results in reduced plasma 5-FU

concentrations and increases the area under the concentra-

tion–time curve (AUC) and Cmax for FT in non-small cell

lung cancer patients treated with S-1 alone or in combina-

tion with cisplatin [12]. Fujita and colleagues also showed

that FT clearance was significantly lower in patients with

two variant CYP2A6 alleles versus individuals with wild-

type or one variant allele who were treated with S-1 for

solid tumors [13]. Similarly, in two recent studies that

evaluated the use of S-1 plus oxaliplatin in biliary tract

cancer and S-1 plus oxaliplatin and irinotecan for GC or

colorectal cancer, patients with CYP2A6 variant alleles had

a significantly lower AUC and/or Cmax for 5-FU and the

metabolic ratio (exposure ratio of 5-FU to tegafur) versus

patients with a wild-type genotype [14, 15]. Based on

associations with these pharmacokinetic differences and

CYP2A6 polymorphisms, we hypothesized that CYP2A6

genotypes affect the clinical outcomes of patients treated

with adjuvant S-1 chemotherapy for curatively resected GC.

Patients and methods

Study design and treatment

This retrospective study included 200 patients who had

received adjuvant S-1 chemotherapy following curative

gastrectomy with D2 lymph node dissection for GC at the

Asan Medical Center between October 2007 and May

2013. All patients met the following eligibility criteria:

pathological stage II–III GC, as defined by the American

Joint Committee on Cancer (AJCC) staging system, 7th

edition; Eastern Cooperative Oncology Group (ECOG)

performance status B2; age C18 years; no coexisting

malignancy or severe comorbidity that might influence the

treatment dose and schedule; no prior chemotherapy for

GC; and an adequate amount of peripheral blood for

analysis of CYP2A6 polymorphisms.

Adjuvant S-1 was initiated from 3 to 6 weeks after

surgery. If there was no evidence of tumor recurrence or

unacceptable toxicity, oral S-1 (40 mg/m2) was adminis-

tered twice daily for 4 weeks followed by 2 weeks of rest

in a 6-week cycle for a maximum of eight cycles. The S-1

dose was proportional to the body surface area, based on

which the actual dosing of S-1 that patients received ranged

from 80 to 160 mg/day. Patients with a body surface area

of more than 2.00 m2 received 160 mg daily. If patients

had grade 3–4 hematological adverse events or grade 2–4

nonhematological adverse events, the S-1 dose was

reduced at the discretion of the physician.

The institutional review board of Asan Medical Center

approved this study and all patient subjects provided

written informed consent.

Evaluation of efficacy and adverse events

Adverse events were assessed according to the Common

Terminology Criteria for Adverse Events (CTCAE version

3.0). Physical and blood examinations of patients included

a complete blood cell count with differentials, serum

chemistry tests, and electrolyte measurements, which were

performed every 6 weeks during treatment, every 3 months

during the first 3 years after surgery, and then every

6 months thereafter. Abdominopelvic computed tomogra-

phy (CT) scans and chest X-rays were performed every

6 months for 5 years and annually thereafter. Esopha-

gogastroduodenoscopy was performed annually.

CYP2A6 genotyping

We extracted genomic DNA using a DNA preparation kit

(Qiagen, Hilden, Germany) from 5 ml peripheral blood.

We detected CYP2A6*4, *7, *9, and *10 variants, which

affect CYP2A6 activity or expression and are common

variant alleles in Asian populations, along with the wild-

type allele (CYP2A6*1), as previously described [16].

Briefly, polymerase chain reaction (PCR)-restriction frag-

ment length polymorphism assessments and sequencing

were used to determine three polymorphic sites (-48T[G,

6558T[C, and 6600G[T) and to identify deletions of the

CYP2A6 gene. PCR reactions were performed using a

GeneAmp PCR System 9700 thermal cycler (Applied

Biosystems, Foster City, CA, USA ). Sequencing used an
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Table 1 Baseline clinical characteristics of the study patients (n = 200)

Characteristics Overall W/W W/V V/V p value

(n = 200) (n = 49; 24.5 %) (n = 94; 47.0 %) (n = 57; 28.5 %)

Age (years)

Median 57 54 59.5 55 0.438

Range 32–83 35–75 34–83 32–80

Sex

Male 128 (64.0 %) 31 (63.3 %) 61 (64.9 %) 36 (63.2 %) 0.970

Female 72 (36.0 %) 18 (36.7 %) 33 (35.1 %) 21 (36.8 %)

ECOG performance status

0 158 (79.0 %) 37 (75.5 %) 75 (79.8 %) 46 (80.7 %) 0.969

1 38 (19.0 %) 11 (22.4 %) 17 (18.1 %) 10 (17.5 %)

2 4 (2.0 %) 1 (2.0 %) 2 (2.1 %) 1 (1.8 %)

Tumor histology

W/D 3 (1.5 %) 1 (2.0 %) 0 (0 %) 2 (3.5 %) 0.489

M/D 47 (23.5 %) 13 (26.5 %) 21 (22.3 %) 13 (22.8 %)

P/D 89 (44.5 %) 27 (55.1 %) 39 (41.5 %) 23 (40.4 %)

Mucinous 4 (2.0 %) 0 (0 %) 3 (3.2 %) 1 (1.8 %)

Signet ring cell 50 (25.0 %) 8 (16.3 %) 25 (26.6 %) 17 (29.8 %)

Others 7 (3.5 %) 0 (0 %) 6 (6.5 %) 1 (1.8 %)

Tumor location

Proximal 25 (12.5 %) 8 (16.3 %) 10 (10.6 %) 7 (12.3 %) 0.716

Body 95 (47.5 %) 19 (38.8 %) 46 (48.9 %) 30 (52.7 %)

Antrum or pylorus 60 (30.0 %) 18 (36.7 %) 27 (28.7 %) 15 (26.3 %)

Multiple/diffuse 20 (10.0 %) 4 (8.2 %) 11 (11.7 %) 5 (8.8 %)

Tumor stage, AJCC 7th

T1a 2 (1.0 %) 0 (0 %) 1 (1.1 %) 1 (1.8 %) 0.850

T1b 5 (2.5 %) 1 (2.0 %) 3 (3.2 %) 1 (1.8 %)

T2 37 (18.5 %) 10 (20.4 %) 19 (20.2 %) 8 (14.0 %)

T3 92 (46.0 %) 23 (16.9 %) 38 (40.4 %) 31 (54.4 %)

T4a 60 (30.0 %) 14 (28.6 %) 30 (31.9 %) 16 (28.1 %)

T4b 4 (2.0 %) 1 (2.0 %) 3 (3.2 %) 0 (0 %)

Nodal stage, AJCC 7th

N0 23 (11.5 %) 7 (14.2 %) 11 (11.7 %) 5 (8.8 %) 0.846

N1 65 (32.5 %) 15 (30.6 %) 32 (34.0 %) 18 (31.6 %)

N2 56 (28.0 %) 15 (30.6 %) 23 (24.5 %) 18 (31.6 %)

N3a 46 (23.0 %) 11 (22.4 %) 22 (23.4 %) 13 (22.8 %)

N3b 10 (5.0 %) 1 (2.0 %) 6 (6.4 %) 3 (5.3 %)

Cancer stage, AJCC 7th

IIA 23 (11.5 %) 6 (12.2 %) 10 (10.6 %) 7 (12.3 %) 0.888

IIB 68 (34.0 %) 18 (36.7 %) 35 (37.2 %) 15 (26.3 %)

IIIA 51 (25.5 %) 12 (24.5 %) 21 (22.3 %) 18 (31.6 %)

IIIB 40 (20.0 %) 8 (16.3 %) 19 (20.2 %) 13 (22.8 %)

IIIC 18 (9.0 %) 5 (10.2 %) 9 (9.6 %) 4 (7.0 %)

Type of gastrectomy

Total 87 (43.5 %) 21 (42.9 %) 41 (43.6 %) 25 (43.9 %) 0.994

Distal 113 (56.5 %) 28 (57.1 %) 53 (56.4 %) 32 (56.1 %)

Creatinine clearancea

C60 ml/min 180 (90.0 %) 45 (91.8 %) 86 (91.5 %) 49 (86.0 %) 0.485

\60 ml/min 20 (10.0 %) 4 (8.2 %) 8 (8.5 %) 8 (14.0 %)
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ABI PRISM BigDye Terminator Cycle Sequencing Ready

Reaction Kit, version 3.0, with an automated ABI Prism

3100 Genetic Analyzer (Applied Biosystems).

Statistical analysis

Discrete data were compared using Pearson’s chi-square test

or Fisher’s exact test; quantitative data were compared using

one-way analysis of variance (ANOVA) or the Kruskal–

Wallis test. RFS was defined as the time from surgery to

recurrence or death from any cause, and OS was defined as

the time between surgery and death from any cause. The

Kaplan–Meier method and log-rank test were used to esti-

mate and compare survival distributions, respectively.

Multivariate analysis of contributing factors for adverse

events (binary logistic regression) and survival (Cox

regression) were compared. All variables with a p value of

0.2 or less by univariate analysis were included in the

multivariate analysis; two-sided p values less than 0.05 were

considered to denote statistically significant differences.

Table 1 continued

Characteristics Overall W/W W/V V/V p value

(n = 200) (n = 49; 24.5 %) (n = 94; 47.0 %) (n = 57; 28.5 %)

Body surface area (m2)

Median 1.64 1.63 1.64 1.63 0.772

Range 1.25–2.17 1.41–1.92 1.25–2.12 1.25–2.17

W wild-type allele of the gene that encodes CYP2A6 (*1), V variant allele that abolishes or reduces the activity of CYP2A6 (*4, *7, *9, *10),

ECOG Eastern Cooperative Oncology Group, W/D well differentiated, M/D moderately differentiated, P/D poorly differentiated
a Creatinine clearance was calculated using the Cockroft–Gault equation

Table 2 Adverse events in the study population

Events S-1 (n = 200)

Grade 1 Grade 2 Grade 3 Grade 4 All grades (%)

Number of patients (%)

Anemia 130 (65.0) 39 (19.5) 1 (0.5) 0 170 (85.0)

Neutropenia 49 (24.5) 67 (33.5) 23 (11.5) 0 139 (69.5)

Thrombocytopenia 75 (37.5) 4 (2.0) 0 (0) 0 79 (39.5)

Febrile neutropenia – – 1 (0.5) 0 1 (0.5)

Bleeding 9 (4.5) 4 (2.0) 0 (0) 0 13 (6.5)

Anorexia 40 (20.0) 67 (33.5) 5 (2.5) 0 112 (56.0)

Nausea 48 (24.0) 20 (10.0) 2 (1.0) 0 70 (35.0)

Vomiting 21 (10.5) 1 (0.5) 2 (1.0) 0 24 (12.0)

Diarrhea 64 (32.0) 38 (19.0) 9 (4.5) 0 111 (55.5)

Constipation 19 (9.5) 5 (2.5) 0 (0) 0 24 (12.0)

Abdominal pain 47 (23.5) 25 (12.5) 18 (9.0) 0 90 (45.0)

Stomatitis 44 (22.0) 18 (9.0) 2 (1.0) 0 64 (32.0)

Hand-foot syndrome 36 (18.0) 8 (4.0) 2 (1.0) – 46 (23.0)

Fatigue 77 (38.5) 31 (15.5) 6 (3.0) 0 114 (57.0)

Pigmentation 117 (58.5) 1 (0.5) – – 118 (59.0)

Rash 19 (9.5) 8 (4.0) 2 (1.0) 0 29 (14.5)

Elevated AST/ALT level 57 (28.5) 7 (3.5) 3 (1.5) 0 67 (33.5)

Elevated bilirubin level 73 (36.5) 51 (25.5) 1 (2.0) 0 125 (62.5)

Hypoalbuminemia 6 (3.0) 1 (0.5) 0 (0) 0 7 (3.5)

Alopecia 34 (17.0) 1 (0.5) 0 (0) 0 35 (17.5)

Excessive tearing 18 (9.0) 3 (1.5) 0 0 21 (10.5)

Sensory neuropathy 11 (5.5) 1 (0.5) 0 0 12 (6.0)

Edema 6 (3.0) 1 (0.5) 0 0 7 (3.5)

AST aspartate transaminase, ALT alanine transaminase
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Results

Patient characteristics and CYP2A6 genotypes

A total of 200 patients were enrolled in this study between

November 2007 and July 2013. The median patient age was

57 years (range, 32–83 years), and most (98 %) of these

patients exhibited a good performance status (ECOG 0 or 1;

Table 1). The distributions of allelic frequencies were 0.45

for CYP2A6*1, 0.13 for CYP2A6*4, 0.14 for CYP2A6*7,

0.01 for CYP2A6*8, 0.21 for CYP2A6*9, and 0.04 for

CYP2A6*10, which were similar to those reported in pre-

viously published studies of Asian populations [17–20]. To

test the effects of CYP2A6 polymorphisms on the treatment

outcomes of adjuvant S-1 treatment, we combined

CYP2A6*4, CYP2A6*7, CYP2A6*9, and CYP2A6*10 in a

variant allele category. Because CYP2A6*8 encodes an

enzyme with full enzymatic activity, it was considered to be

the wild-type allele [21]. We assigned patients who har-

bored CYP2A6*1/*1 or *1/*8 variations to a wild-type/

wild-type (W/W) group, those with CYP2A6*1/*4, *1/*7,

*1/*9, or *1/*10 to a wild-type/variant (W/V) group, and

those with two variant alleles to a variant/variant (V/V)

group. The patient genotypic distributions were as follows:

24.5 % W/W (n = 49), 47.0 % W/V (n = 94), and 28.5 %

V/V (n = 57). There were no significant differences in

baseline characteristics between the groups of patients

distinguished by CYP2A6 genotype (Table 1). The

median follow-up duration was 46.4 months (range,

17.1–91.0 months), and the median duration of S-1 treat-

ment was 11.3 months (range, 2.8–13.7 months) in the W/

W group, 11.3 months (range, 1.4–14.3 months) in the W/V

group, and 11.4 months (range, 4.2–14.0 months) in the V/

V group (p = 0.146). The median relative dose intensity of

S-1 was 0.96 (range, 0.54–1.00) in the W/W group, 0.99

(range, 0.47–1.00) in the W/V group, and 0.92 (range,

0.63–1.00) in the V/V group (p = 0.329). The median total

dose of S-1 was 23,318, 26,297, and 24,640 mg in theW/W,

W/V, and V/V groups, respectively (p = 0.656).

Associations between CYP2A6 genotypes

and adverse events

All 200 patients were evaluated for both hematological and

nonhematological toxicities. Table 2 shows adverse events

that occurred during the treatment period. Treatments were

Table 3 Univariate analysis of associations between genotypes and adverse events with grade C 2

W/W W/V V/V p value

Anemia 9 (18.4 %) 15 (16.0 %) 16 (28.1 %) 0.186

Neutropenia 24 (49.0 %) 41 (43.6 %) 25 (43.9 %) 0.812

Thrombocytopenia 2 (4.1 %) 1 (1.1 %) 1 (1.8 %) 0.370

Febrile neutropenia 0 (0) 0 (0) 1 (1.8 %) 0.530

Bleeding 0 (0) 3 (3.2 %) 1 (1.8 %) 0.811

Anorexia 17 (34.7 %) 31 (33.0 %) 24 (42.1 %) 0.537

Nausea 9 (18.4 %) 7 (7.4 %) 6 (10.5 %) 0.087

Vomiting 2 (4.1 %) 1 (1.1 %) 0 (0) 0.231

Constipation 1 (2.0 %) 3 (3.2 %) 1 (1.8 %) 1.000

Diarrhea 14 (28.6 %) 19 (20.2 %) 14 (24.6 %) 0.522

Abdominal pain 9 (18.4 %) 22 (23.4 %) 12 (21.1 %) 0.781

Stomatitis 3 (6.1 %) 7 (7.4 %) 10 (17.5 %) 0.078

Hand-foot syndrome 2 (4.1 %) 5 (5.3 %) 3 (5.3 %) 1.000

Fatigue 10 (20.4 %) 19 (20.2 %) 8 (14.0 %) 0.590

Pigmentation 0 (0) 1 (1.1 %) 0 (0) 1.000

Rash 1 (2.0 %) 5 (5.3 %) 4 (7.0 %) 0.588

Elevated AST/ALT 3 (6.1 %) 2 (2.1 %) 5 (8.8 %) 0.188

Elevated bilirubin 12 (24.5 %) 23 (24.5 %) 17 (29.8 %) 0.739

Hypoalbuminemia 0 (0) 1 (1.1 %) 0 (0) 1.000

Alopecia 0 (0) 1 (1.1 %) 0 (0) 1.000

Excessive tearing 1 (2.0 %) 1 (1.1 %) 1 (1.8 %) 1.000

Sensory neuropathy 0 (0) 1 (1.1 %) 0 (0) 1.000

Edema 1 (2.0 %) 0 (0) 0 (0) 0.245

W wild-type allele of the gene that encodes CYP2A6 (*1), V variant allele that abolishes or reduces CYP2A6 activity (*4, *7, *9, *10), AST

aspartate transaminase, ALT alanine transaminase
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considered well tolerated, and there were no grade 4 tox-

icities or treatment-related deaths. Neutropenia (11.5 %)

and abdominal pain (9.0 %) were the most common grade

3 hematological and nonhematological adverse events,

respectively. No CYP2A6 polymorphism showed a signif-

icant association with hematological or nonhematological

adverse events (Table 3). The incidence of hematological

adverse events of grade C3 was 10.2 %, 14.9 %, and

10.5 % in the W/W, W/V, and V/V groups, respectively

(p = 0.628), whereas the incidence of nonhematological

adverse events of grade C3 was 12.2 %, 24.5 %, and

21.1 %, respectively (p = 0.227).

Renal impairment [creatinine clearance (Ccr) calculated

by the Cockroft–Gault equation\60 ml/min] and old age

([70 years) were significant risk factors for grade 3/4

nonhematological adverse events by univariate analysis,

whereas no significant risk factors were associated with

hematological adverse events (Table 4). Multivariate

analysis using binary logistic regression showed that renal

impairment (Ccr \60 ml/min) was the only independent

risk factor for grade 3–4 nonhematological adverse events

(Table 4).

Associations between CYP2A6 polymorphisms

and survival

The median follow-up time was 48.1 months (range,

22.7–69.3 months) in the W/W group, 45.0 months

(17.1–91.0) in the W/V group, and 47.7 months (20.2–77.1)

in the V/V group. A total of nine, seven, and one patients

died in the W/V, V/V, and W/W groups, respectively. In all

patients, the 3-year RFS and OS rates were 83.1 % (95 %

CI, 77.7–88.5 %) and 94.8 % (95 % CI, 91.6–98.0 %),

respectively.

RFS significantly differed according to the CYP2A6

genotype. The 3-year RFS rates were 95.9 % (95 % CI,

90.4–100 %) in the W/W group, 83.1 % (95 % CI,

75.3–90.9 %) in the W/V group, and 72.5 % (95 % CI,

Table 4 Univariate and multivariate analyses of the risk factors for grade 3/4 adverse events

Variables Grade 3/4 Grade 3/4 Multivariate

Hematological AE

(n = 25)

Univariate

p value

Nonhematological AE

(n = 41)

Univariate

p value

OR (95 % CI) p value

Age

[70 years 3 (11.1 %) 1.000 11 (40.7 %) 0.005 1.95 (0.74–5.18) 0.179

B70 years 22 (12.7 %) 30 (17.3 %) 1 (reference)

Sex

Female 12 (16.7 %) 0.181 17 (23.6 %) 0.414 – –

Male 13 (10.2 %) 24 (18.8 %) –

ECOG PS

0 35 (20.0 %) 0.358 32 (20.1 %) 0.550 – –

1, 2 7 (28.0 %) 10 (24.4 %) –

Cancer stage, AJCC 7th

II 8 (9.0 %) 0.179 22 (24.7 %) 0.186 1 (reference) 0.116

III 17 (15.3 %) 19 (17.1 %) 0.55 (0.27–1.16)

Gastrectomy type

Total 13 (14.9 %) 0.359 20 (23.0 %) 0.444 – –

Distal 12 (10.6 %) 21 (18.6 %) –

Creatinine clearancea (ml/min)

C60 24 (13.3 %) 0.478 30 (16.7 %) 0.001 1 (reference) 0.002

\60 1 (5.0 %) 11 (55.0 %) 5.24 (1.82–15.1)

CYP2A6 genotype

W/W 5 (10.2 %) 0.628 6 (12.2 %) 0.227 – –

W/V 14 (14.9 %) 23 (24.5 %) –

V/V 6 (10.5 %) 12 (21.1 %) –

AE adverse events, OR odds ratio, CI confidence interval, ECOG Eastern Cooperative Oncology Group, PS performance status, AJCC American

Joint Committee on Cancer
a Creatinine clearance was calculated by the Cockroft–Gault equation
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60.5–84.5 %) in the V/V group [p = 0.032; W/W vs. W/V

or V/V = 95.9 % (95 % CI, 90.4–100 %) vs. 79.1 %

(95 % CI, 72.4–85.8 %); p = 0.015] (Fig. 1a). After

adjusting for pathological stage in the multivariate analy-

sis, the CYP2A6 genotype remained a significant factor that

affected RFS (Table 5). Carriers of W/V and V/V genotypes

had a poorer RFS with a hazard ratio of 3.41 (95 % CI,

1.01–11.52; p = 0.049) and 4.03 (95 % CI, 1.16–13.93;

p = 0.028), respectively, compared with the W/W

genotype.

In terms of the OS outcomes, no significant differences

were detected between the CYP2A6 genotypic groups; the

3-year OS rates for patients with W/W, W/V, and V/V

genotypes were 100 %, 94.5 %, and 90.7 %, respectively

(p = 0.166) (Fig. 1b).

Discussion

Recently, two large randomized phase III trials demon-

strated survival benefits from adjuvant chemotherapy after

D2 surgery for stage II–III GC. In the Japanese ACTS-GC

trial, administering adjuvant S-1 for 12 months resulted in

a significant survival advantage compared with surgery

alone for OS (5-year OS: 71.7 % vs. 61.1 %; HR = 0.669;

95 % CI, 0.540–0.828) and RFS (5-year RFS: 65.4 % vs.

53.1 %; HR = 0.653; 95 % CI, 0.537–0.793) [5]. The

Capecitabine and Oxaliplatin Adjuvant Study in Stomach

Cancer (CLASSIC) trial, which was performed in South

Korea, China, and Taiwan, also showed a significant

improvement in OS (5-year OS: 78 % vs. 69 %;

HR = 0.66; 95 % CI, 0.51–0.85; p = 0.0015) and disease-

Fig. 1 Kaplan–Meier curves of relapse-free survival (a) and overall survival (b) according to patient CYP2A6 genotypes. W wild-type allele of

the gene that encodes CYP2A6 (*1), V variant allele that abolishes or reduces that activity of CYP2A6 (*4, *7, *9, *10)
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free survival (DFS) (5-year DFS: 68 % vs. 53 %;

HR = 0.58; 95 % CI, 0.47–0.72; p\ 0.0001) with adju-

vant capecitabine/oxaliplatin for 6 months compared with

surgery alone [3, 4]. Although these two fluoropyrimidine-

based regimens have been established as standard adjuvant

chemotherapies, it remains unclear which regimen is better

for an entire patient group with stage II–III disease or for a

certain specific subset of patients. Studies of predictive

biomarkers to guide adjuvant chemotherapy regimen are

critical to maximize the benefits of adjuvant therapy.

In contrast to capecitabine, the metabolism of S-1 to

5-FU depends on the enzymatic activity of CYP2A6, which

can be influenced by genetic polymorphisms [12–14, 22].

Therefore, CYP2A6 polymorphisms might affect the

treatment outcomes of S-1-based chemotherapy, but not of

capecitabine-based chemotherapy. Indeed, our present

study findings indicate that CYP2A6 polymorphisms are

correlated with the treatment efficacy of adjuvant S-1

chemotherapy after curative resection. The RFS was sig-

nificantly better in patients with a W/W genotype than in

patients with W/V or V/V genotypes. Patients with variant

alleles that abolish or reduce enzyme activity or expression

(W/V or V/V) had a 3.65-fold-higher HR of progression

compared with patients with a wild-type (W/W) genotype

(p = 0.032). These data are consistent with previous

findings that showed an association between CYP2A6

genotypes and treatment efficacy in patients treated with

S-1-based chemotherapy in a metastatic or perioperative

setting [16, 23, 24]. A recent phase II study of perioperative

S-1 plus docetaxel administered both pre- and postopera-

tively showed that patients with W/W or W/V genotypes

had a better progression-free survival (PFS) (3-year PFS

rate, 67.6 % vs. 33.3 %; p = 0.102) and OS rate (5-year

OS rate, 75.6 % vs. 33.3 %; p = 0.032) compared with

patients with a V/V genotype [23]. Similarly, patients

treated with S-1 plus docetaxel for metastatic GC showed a

different overall response rate (W/W vs. W/V vs. V/

V = 79 % vs. 65 % vs. 30 %, respectively; p = 0.04) and

PFS (W/W vs. W/V vs. V/V = 8.1 vs. 6.9 vs. 3.1 months,

respectively; p = 0.0009) according to the CYP2A6 geno-

type [16].

Associations between CYP2A6 polymorphisms and the

treatment outcomes of S-1 were further confirmed in a

previous randomized phase II study that compared S-1 to

Table 5 Univariate and multivariate analyses of risk factors for relapse-free survival

Variables Crude hazard ratio for univariate

analysis (95 % CI)

p value Adjusted hazard ratio for

multivariate analysis (95 % CI)

p value

Age

B70 years 1.00 0.996

[70 years 1.02 (0.40–2.62)

Sex

Male 1.00 0.853

Female 1.07 (0.55–2.07)

ECOG performance status

0 1.00 0.823

1, 2 0.91 (0.40–2.07)

Operation type

Distal gastrectomy 1.00 0.725

Total gastrectomy 1.12 (0.59–2.14)

Creatinine clearancea (ml/min)

C60 1.00 0.670

\60 0.77 (0.24–2.52)

Cancer stage, AJCC 7th

II 1.00 0.001 1.00 0.002

III 4.22 (1.76–10.12) 3.99 (1.66–9.60)

Genotype

W/W 1.00 1.00

W/V 3.45 (1.02–11.67) 0.046 3.41 (1.01–11.52) 0.049

V/V 4.66 (1.35–16.10) 0.015 4.03 (1.16–13.93) 0.028

W wild-type allele of the gene that encodes CYP2A6 (*1), V variant allele that abolishes or reduces CYP2A6 activity (*4, *7, *9, *10), ECOG

Eastern Cooperative Oncology Group
a Creatinine clearance was calculated using the Cockroft–Gault equation
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capecitabine in patients with metastatic GC [24]. In the S-1

arm of that study, patients with W/W or W/V genotypes

showed a longer median time to progression (4.1 vs.

2.3 months; p = 0.062) and OS (11.5 vs. 6.5 months;

p = 0.034) compared to V/V patients. However, in the

capecitabine arm of that study, patients with W/W or W/V

genotypes showed a similar median time to progression

(TTP) (3.3 vs. 3.6 months; p = 0.257) and OS (10.2 vs.

11.6 months; p = 0.756) compared with the V/V genotype

cases. The poor treatment outcomes for S-1 in patients with

CYP2A6 variant alleles suggest that these patients should

be treated with either 5-FU or capecitabine, which do not

require CYP2A6 activation, instead of S-1. Further studies

are warranted to determine whether CYP2A6 genotypes

guide treatment choices between adjuvant S-1 and cape-

citabine/oxaliplatin in patients with resected GC.

Regarding toxicity, we could not detect any association

between CYP2A6 polymorphisms and adverse events in our

present analysis. This finding is consistent with the results

of previous studies in which adverse events did not differ

according to CYP2A6 genotype during either the initial one

to two cycles or all treatment cycles in an S-1 monotherapy

or S-1-based combination therapy setting [14, 22]. How-

ever, we did detect an association between Ccr levels and

adverse events related to S-1. Patients with Ccr levels

\60 ml/min exhibited a higher incidence of grade C3

nonhematological toxicities compared with patients with

Ccr levels C60 ml/min (55.0 % vs. 16.7 %; p = 0.001)

(Table 5). This finding is also consistent with those of

previous reports [16, 25]. As a component of S-1, CDHP is

a potent inhibitor of dihydropyrimidine dehydrogenase,

which is responsible for the rapid catabolism of 5-FU.

Additionally, as more than 50 % of CDHP is excreted in

urine, renal dysfunction can cause high exposure to CDHP

and 5-FU [13]. Aoyama and colleagues reported that levels

of Ccr \60 ml/min were a significant risk factor for the

inability to continue adjuvant S-1 for 6 months, mostly

because of adverse events; the continuation rate of S-1 at

6 months was 72.9 % in patients with Ccr C60 ml/min

versus 40.0 % in those with Ccr\60 ml/min [25]. Patients

with renal dysfunction should be carefully monitored for

adverse events and be considered for S-1 dose adjustment.

The current study has some limitations. First, the phar-

macokinetic data of S-1 were not collected in this study.

Thus, we could not evaluate the association between

CYP2A6 genotypes and pharmacokinetic profiles of S-1.

Second, we grouped CYP2A6 polymorphisms into two

groups (W/W vs. W/V and V/V). The grouping of CYP2A6

genotypes differed among studies. Although one study

showed a trend of decreasing plasma concentrations of

5-FU in relationship to an increasing number of variant

alleles (W/W vs. W/V vs. V/V) [23], several studies,

including that study, reported statistically significant

differences in the plasma concentration of 5-FU between

patients with homozygous wild-type (W/W) versus patients

with variant alleles (W/V or V/V) [14, 15, 23]. These

inconsistent results might be caused at least in part by dif-

ferent CYP2A6 enzyme activity among variant alleles (*4,

*7, *9, *10); the CYP2A6*4 allele causes a CYP2A6 gene

deletion, which lacks activity, whereas CYP2A6*7, *9, and

*10 cause decreased enzymatic activity of different degrees.

Based on the foregoing data, we think that the grouping of

CYP2A6 genotypes in this study might be justified.

In conclusion, CYP2A6 polymorphisms correlate with

the treatment efficacy of S-1 adjuvant in patients with

curatively resected GC. Patients with a W/W genotype are

more likely to exhibit a good RFS compared with those

harboring a W/V or V/V genotype. Large-scale prospective

studies are warranted to validate these findings, which

could provide useful information for selecting the best

adjuvant chemotherapy between two current standard reg-

imens for GC, that is, S-1 vs. capecitabine plus oxaliplatin.
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